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%    

  
,  3D  4D '
%  ( % #. 
,( 
 
" 


#  # %  
#  , #   
 %  % 
   
  #  #) #, 
(# 


# #  	%, "
"  
	%#
.  
   #    
# #) #, #  %  
  %  
% 
"  
.  
 
 #%#
   #  

   #, #
#  % 
.    %     
,  
' 4D % '
%  ( #, '&  

     
.       
%% 3D "  %  3D % "  
#  

  . "  


   
 
    
%% # 

  
%  

. 
 
 
 "%
   
 
% & 
 %  #.  
 
 
 #
% .  
 
#	
 
$#% 
 #"%  % "# . - 
( $  #"%  
, ##   #  

 
  #"% % “#%#”  !/0  

 "%
  . 
/  
 . 
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+ +0!02 '  
 !'+('', $! 
 
3 1 
.'/  +0 +0+,' %  
 
   
  %   %% 
 #    

  & 
 
. !
& 
 # "' %#, 

"".
  #%  
 
 



# # %  
%    


%   '  ) (P. Iliev and L. Tsekov, 1993).  
1 # #%   " % % 
 #  #    

%   ', #  
 
 %  

%  , %  
#
   %. (#   
(Greg P.,Ramin Z., 2005)  # ,  
#%  #  	%, (
"  #%#
 
#    3D '
% &    
. 
  #    
 
 2D 
'
% %. (# 

   %  
 %#   '
% ' (Yu-Jin 
Zhang, p41-57, 2007)  #
   (Stefan Winkler, 
p71-103, 2005), # %  
'- %  
% 
  
.  

 #   % 

 2D 
 %   (Yu-Fi Ma, Hong-Jiang Z. 2006)  
 
 


# #  3D 
'
%. , # 
 (Roland M. 2005)    
 
 


# %. 
 
 
 


# %  
   % (A2, A8, A9, 22, 32, 50, 76, 83, 84, 123, 136, 
145), ##   %   #  " 
   #

,  0.-%  0 
% (2, 11, 
14, 33, 52, 53, 59, 60, 65, 72, 92), & " %#   
 
 '. +   
 
   
:  % (,.,, 2007)  % (Turney, R.D.; 
 8 
Reza, A.M.; Delva, J.G.R, 1999). $   " % 
% ",     #  (Gonzalo R. 
Arce, p139-180, 2005), #   '&  
 
. 	 
 % #    " 
 2D  3D ( # (C.K.Leung, F.K.Lam, 1997), 
# 
  %#,   
 
 #  
  4  8 . !    3D '
% 
%  #       '  
  4D % '
%   

 
 
% 
" .  
$ 
 %#  #
#  '
%  
 (Pavel Z,, Giuseppe A., Vlastislav D.,2005), #  
 #% %#  #
    

  % 
 #) # (Heinrich H.B., Seong-
Whan Lee, Tomaso A.P., C.W. (Eds.), p230-240, 2002).  
'  3 1 
-#   %  
"   

 


# # %  
 
 
  " 
" 
 
#  %
 
 

%  %  #
   %.  
%	
  3 1 
!  ".    % 
 
 

 ',   #    
  
 
-


# %  
#, #  , 
%    


  . 
 
3 2 
 
'/# ' !' '(' '  !' / %!'. 
,+ +'+'1+" ##"  
%+.!.+'  !'2 ) ' + '/#2 ', 
 
	  	 -	 		  3D 
7
	  
 #   % 
  % & 
" #.  ".  ,  
, 
 %
   '&  
  %  
#   
  %  ' 2D 
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'
%: , 
   & %  #
 
. "( #      
  
 
%  5'5 #
 % % %  
 
,    
 "
  # %, 

#& 
"    %  (A6). 

   1 %  '
%   2D 
'
%, %  "   3D '
%  
 (. 2.6). 
 
. 2.6.  	 
	  – a),   3D 	 – b), 
  

	  – c) 
  3D '
%  % 
  

"
 (# #
.   2D '
%  , 
(# 
    #
 

%
 (. 2.8).    3D '
%  
# "%  #
   "%  
 # & 
  "% #
.  % 
 '%   
    

"&
  . %  #.  
 
 . 2.8 

  3D 	  			 
	  – a), 3D 
	  			 
	  
   	 2D 
	 – b),   3D 	 – c) 
 

-
 	 
  '%     
% 
 
 
    2D 

  3D 
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% 

  & "  %  
%.  
 %'  %
 .%  
'%  

  .  
 


#   
 
"# 
 ( 
%    %#   
 
. # 
 
   
(  
&  #.   3D     
(. 2.10),   # 
#  "(
  


%  
 
 2D .  
 
. 2.10. 
    3D 		/ . In+1, In, In-1 – 
 	 
	 . 
 
 , 
 
 ( 
% 
 ,  
 3D %  % ", ##  
, 
 
 3D #
 % " 
  
# (. 2.12). #  

  
 
 3D   
  #%
 
 3D 

# #

 
% (Westwater R., Furht B. 1997),  
% 
 #%
 

  3  5  
#"  #. 
 a )   b )   c )  
. 2.12 	   
	  	  3D 		  – a), 
 3D   –b), 2D    	 	 -  c) 
 
  " 
 
  
    
#

,  #  "  
% 


# 
In+1 
In 
In-1 
H3D  
#
 
 
H3D 
#
 
 
	 %
& 
 #
  
 y       
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#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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'%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
#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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  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#   (P. Iliev and L. Tsekov, 1993). 
  
. 

  #   (. 3.1)  
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 %,  
"& #   %#  
% 
  %   #    # #) 
# (A9).  #   
   
 
  ( % %
#, # 
  ' 
3D '
%.  
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• '&  '& ; 
•  % ; 
• $
  %   2D 


# 
#  #
 '  
# 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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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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	&  "	: 
),(),(max
,
yxfyxfK bayx −=   (8) 
#":  ƒa(x, y)  ƒb(x, y) 
 #  
 
 Pal(3D)  Pbl+1(3D)    
 

   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 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- 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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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 14 
!	     9- 	 
 #,  % 3 #  #   
 

  , 
  
   
  
#   ' (A2).  '   ,   

"   

%  '  ), # 
 
  # - .  RK , Rχ2,  RZ 
% %  . 
"
 
 :  
   



≤
>
=
,
,1
,0
K
K
K tKif
tKif
R
                (11) 
 




≤
>
=
,
2
2
2
2
2
,1
,0
χ
χ
χ χ
χ
tif
tif
R
                (12) 
      



≤
>
=
,
,1
,0
Z
Z
Z tZif
tZif
R
                  (13) 
#": Kt , 2χt , Zt  
 #
%  
(
 
  


# # K, χ , Z 
	( .     # 
 % 


% 
 : 



=∧∧=∗
,1
,0
2 ZK RRRR χ      (14)     
 #
% #,  " 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%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'  9-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  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  
&  
 	:   : 
•   	

 
  -  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#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", # 
 "
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# 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 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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
.   
 
 "
 

  #  	% (. 3.2); 
•   

 
  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 #%#
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 
 2000 	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 
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
  
  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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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 (A10), 
%     %  
   

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. #
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% "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#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 "  
  #) #   
 ( 3.1). 
'   #	& 	  
  
#	& - 
	 
 
Navy 145 3 
Tank IR 157 6 
Rocket 159 4 
Tango and Cash 146 919 2270 
Rambo 4 130 900 1597 
Train 158 979 1839 
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 3.1.  
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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 3 3 
• $  
 


# #  
	%, (
"  #%#
 #(     


  3D '
% 
   
 #     %. 
•    %%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 % 
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 
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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 	%  #%#
  # #) #. 
 
3 4 
 
!' '('  .3'' / 2D ' 3D *'+3 
' %'4 +3(',  %.$' 
'/#2 ',  
 
+	  	 -	 	  
 
	
 		  3D 7
	  
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#   %#  2D %  
%  
  #   
 


# 
  ' 3D % %&
 '
%.  
 % 
 
 
# 
  
,  
 
 
  #
 
, #    
%
# 

%. - 
 -  ( 

%.  
#      
  

  "%
  
  
 
  
) '
%  
' ,  
  
% %&
 '
% (. 4.2). 
'-
  		8    3D 7
	 
)**log(
1
yxk
n =
  (18) 
 #": '   
 %   
%	  3D 8
 7
	 
n
jiji HDpowerH ,,3 =    (19) 
#": powerH3Di,j  %&
 3D '
% 
 a)  b) 
. 4.2. 3D 	 	 –(a), 3D 	 	%	 	 -
(b) 
   # 
    
%% 
 
 #"%  3D '
%. 
 
2
*
*
*
*
,,)2( )3(min  
= =
−=
endXb
startXbx
endYb
startYby
yxyxDl pDHmTARGET
  (20) 
#": H3D  % % %&
 '
%, Px,y 
 
  
%      
(A, B, C  D)  ( 
% 3D '
%, 
Xb*start, end  Yb*start, end 
 
" #  
 , )2( Dlm   %%
# #  
 l 
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= A, B, C, D (  
. 22) 
"& % %  
   #   

    ' 4D '
%. 	%   
' 
   # %
#  (-%  
 
 #  
%  
 
 

  
%, "
  
   
. 
+	  	 -	 2D 	&  
 
  % %  #  
'        %# 
( 
%  2D  3D '
% % (A11). 
 
   %% 
 # %  
'%  #      3D 
'
%  3D ( % #.  
  
#%#
   %% #  
  
 #, ' #
#      
. +   2D (Kapur J.N., P.K. Sahoo, A.K.C.Wong, 1985.) 
( # % 
 2D '
%   . 
},...,,...,,{ 25520)2( ppppP bD =  (21) 
#": )2( DP  
 % '
%    
p –  
  
 
& #
 
"
 
" #
  – b,  b 
% 
(
  0  255. 
$
   
  
#  
"  )2( DP
, 
#     
 
  )( )2( DPH : 
 
=
−=
b
i
ii ppAH
0
log)(
    (22) 

=
−=
255
log)(
bi
ii ppBH     (23) 
)(
)(
)(
)()(log)(log
BP
BH
AP
AHBPAPHb −−−−=   (24) 
#": b = 
 %  0  255, A  0  b, B  255  b. 
{ }25510)2( ...,,)( HHHPH D =
   
(25) 
  %#
%%  : 
b* = )(max )2( DPH    (26) 
 -#
%%"    
(
 – b*, # 
 
 #   #  ' 8  
 20 
  2  –    (. 9 - % 
"
 
% 
  
  ##).   
 # 
 2     , 
    

    .  
  a)    b)  c) 
. 9.  &		  – a),      	   
 –b) 
 
   2D 	  -c) 
  	& 
	  4  8   
    ( #  4  8 #, 
 %# # %#
%%  2D  3D ( 
#    (  (. 4.8). 
 )  b) 
 c)  d) 
. 4.8  '
		 
	  - a), 	  4    	 - 
b), 	  4   	 	  - c)  	  8 
 - d)  	 	 . 
• $
% b*  )( )2( DPH , b = var from 0 to 255 
• "%  # '
% )2(1 DP   )2(2 DP  , "(# 
 : 



>
≤
=
max*0
max*
1
bif
bifp
p bb  (27) 
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


<
≥
=
max*0
max*
2
bif
bifp
p bb  (28) 
       #" b = var  0  255 
• $
  )1( )2( DPH   )2( )2( DPH  
• $
  b1*  )2(1 DP   b2*  '
% )2(2 DP  
• b1*, b*, b2*    %#
%%  ( 
#   # ( #  , 

  )2(1 DP
 

 
)2(2 DP ,  
(
 %  # 
  4  ( . 10). 
• -%  "% 
%  # 
 
  
2D '
%, # #%   8 . 
+	  	 -	 
  3D 
	&   
 
  %  
%    
  ' 3D ( # (A9).  # 
 
".  
%  #   (. 4.9).  
  " 
  
 A  B: 

= =
=
r
i
r
j
ijrr pP
0 0
,  (29) 
 
+= +=
=−
k
ri
k
rj
ijrr pP
,1 1
1
  (30) 
    
 A, B   '
%: 

= =
=
r
i
r
j
jijirr ppE
0 0
,,
ln
 (31) 

= =
++ =
r
i
r
j
jijirr ppE
0 0
,,1,1 ln
 (32) 

= =
=
r
i
r
j
jijik ppE
0 0
,,
ln
 (33) 
0
   
    
 
A   B  
 P      1 – P , 
": 
pp
pp
pppp P
P
P
P
P
PAP ,...,,)( 0100=
 (34) 
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1,1
,
1,1
2,1
1,1
1,1
1
,...,
1
,
1
)(
++
++
++
++
++
++
−−−
=
pp
kpkp
pp
pp
pp
pp
P
P
P
P
P
P
BP
 (35) 
  
  A  B   '
%   
 

 ## 
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ln)lnln(1ln)(
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



−−−
−
−=
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= 
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)1ln()1(ln
1
1
1
ln
1
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,
1 1
,,
1 1
rrrr
k
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k
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k
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k
rj rr
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)1()1ln( , rr
s
rr P
HP
−
+−=
       (36) 
%   
 A  B  #  f(rr) 
      
rr
rrkk
rr
rr
rrrr P
HH
P
HPPBHAHrrf
−
−
++−=+=
1
)1(ln)()()(
      (37) 
-#
%%"  ( #  % 
  #: 
),(max* rrfb =    (38) 
a) Hi b) c) d) 
e) f) 
. 4.9.  	 
	  – a), 3D 	 – b), 3D 	 – c), 
		  3D 	  4 
	 A, B, C, D – d), 
	  	  
2D 	  – e), 3D 		 
	  – f) 
3D 	  	  	  	
  

 7
	 
  
	 
- 
 	
  
  %  
% 
 3D  % 
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#
   
"
 
 (A11), #( %  
   
, %& 
(  %  #
 #  #, 
# 
  
% 
 2D ( #.  
  #  

   
 
"% #  (-" 
  #  


  3D '
%.   % – 
. 3D   
 
  
#  
# (( 
)   (. 4.10).  
a) b) c) d) 
. 4.10 	 
	  – a), 3D  	 – b), 3D 
		 
	  – c), 3D 	 		 
	  – d). 
  
 %     '% 
  3D '
%     .   
( 
 

 
% 
%   
 #
 ', # 
'%  
 
.   % %  

%     
 
 4D ( 
#, 
   5.  
	   
    
 %# ( 
%   
 
%  
"% #"% % % # 
%, 
# % 
 %  
#  # (A1). 
-	- 		  : 
o '  # % Zx  Zy; 
o & S; 
o %" P; 
o #  %  k;  
o "  
; 
! 		  : 
o 
# "
  #  #; 
o 2D  3D # '
%  #; 
o  
  '
%; 
 
%		  		  	   
    %#    #  
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( %
#    # 
#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. 5.5. (	 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 Fend, Aki  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 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 %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. 6.1. +		  *	, HKi –  	
  	 
	 *	 , AKi –  	
  		 	, Fi,  	 
   I n, j, j-1. 
 
{ }jniinilkfdi −+−+= )(;)(min
  (51) 
#": lkfdi – (Local Key Frame Distance Index)   # 
#& %
  % # #) #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 
#  " #
 #) #". 
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MKFIif
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i
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=
=
=
0
1
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  (52) 
#": KFDI (Key Frame Distance Index)  
 %
 
 # #) #  " #
, MK 
(Missed Key) 
 #) #, i   #", 
lkfdi  %
 
'  
 
#	& 
	 
TKFC MKFI KFDI 
Navy 145 3 0.6 12.50 
Tank IR 157 5 1.2 6.00 
Rocket 159 4 1.0 0.00 
Tango and 
Cash 146 919 2120 1.0708 0.04 
Rambo 4 130 900 1430 1.1168 0.03 
Train 158 979 1750 1.0509 0.07 
 6.1. $
 #
  # #) #, 
  
 ##   %   '
%. 
!    	& 
	 


  	 
%   
 ".     
( #   2, 4, 8, 16  32 .   
#  #) # %  % 
 %  
2-3 #"  
 
 # #) #  8  
 (. 6.3.a) (A9). "%"    %#  
% %  2  3   (. 6.4.a  6.4.c). 
Fi … Fi+n … … Fj 
HK(j+5) AK(i+n) HK(i) 
t 
… Fj-1 
AK(j-1) 
 34 
 
 
. 6.3  
	  – 	,  	  
	  	 
 
  2  4  8 ,  	   . 
 
 
. 6.4.a     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. 6.4.b     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. 6.5 '
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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. 
MSERMSE =
        (54) 
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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 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/.% 
MSE
mPSNR
2
log10=
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#":  PSNR 
 %  dB, m  2n  n  . 
-# PSNR ( . 6.6)  MSE ( . 6.5) %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